Abstract-In this letter, a dual-mode dual-band bandpass filter using stacked-loop structure is proposed, which allows two transmission paths to radio frequency (RF) signals. Each of them using dual-mode resonators results in respective passband. This can provide convenience to easily change one passband frequency, while another keeps almost the same. Several attenuation poles in the stopband are realized to improve the selectivity of the proposed bandpass filter. The theoretical and measured results are presented and show good agreement.
Dual-Mode Dual-Band Bandpass Filter
Using Stacked-Loop Structure
I. INTRODUCTION

M
ODERN wireless communication systems demand radio frequency (RF) devices operating in multiple separated frequency bands. For example, for both global systems for mobile communications (GSM) and wireless code division multiple-access (WCDMA), the RF transceiver must be able to receive and transmit 900 MHz and 1900 MHz signals. Therefore, the bandpass filter, as a key component filtering unwanted frequency in RF systems, is necessitated to generate two or more frequency bands. Recently, a dual-band bandpass filter has been designed using stepped impedance resonators (SIRs) [1] , [2] and equal-length coupled-serial-shunted lines [3] . However, it is difficult to generate two adjacent passbands using SIR. In [4] , a dual-bandpass filter using LTCC techniques is designed, where two single-band bandpass filters are stacked together. Each filter has its own input and output ports so that an extra matching network is needed to combine them. The dual-mode resonator using patch [5] or square loop [6] - [9] is applied widely in bandpass filter with single frequency band due to low radiation and size compactness, which might become a candidate for dual-band bandpass filter design. In this letter, a dual-mode dual-band bandpass filter using stacked-loop structure is presented, which needs only single input and output. The filter provides two transmission paths to an RF signal, and each of them is realized using a dual-mode square loop resonator. Each path generates its own passband, and there is good isolation between them. square loop consists of four identical arms with length . A small square patch is attached to the corner of the loop for exciting and coupling a pair of degenerate modes, which is analyzed in detail in [6] . The fundamental resonance occurs when 4, where is guided wavelength (1) where is velocity of light in free space, and is effective dielectric constant of the substrate. According to (1) , for a fixed resonant frequency , 4 is decreased to realize size reduction as is increased. Similarly, for a fixed 4, the resonant frequency is decreased as is increased. The substrate with dielectric constant 9.6 and thickness 0.8 mm for our proposed bandpass filter design. The dimensions of the dual-mode microstrip filter are as follows:
II. DUAL-MODE RESONATORS ON DIFFERENT LAYERS
15 mm, 14.2 mm, 0.25 mm, 0.3 mm, 0.4 mm, 1.1 mm, and 0.76 mm is the width of 50 microstrip feedline. A square substrate 2 without metallic plane is stacked on the microstrip loop in Fig. 1 , as shown in Fig. 2 , which increases the effectively. In addition, the 22 22 mm size of substrate 2 is slightly larger than that of loop in order to keep the feed type of microstrip line. So the fundamental resonant frequency is shifted down from 2 GHz to 1.7 GHz, as shown in Fig. 3 . Fig. 4 shows a 3-D view of a dual-mode bandpass filter, where the loop in Fig. 2 is perpendicularly moved from mid-layer to top-layer, and the feed-line is still on the mid-layer. The strip size is kept the same as that of the filter in Fig. 1 , the horizontal gap between the feed-line and the loop is still 0.25 mm. The performance of the filter using different layer coupling is illustrated in Fig. 5 . is almost the same as that of the filter in Fig. 1 due to the same dielectric constant and thickness of substrate 1 and 2. Fig. 6 shows the structure of the proposed dual-mode dualband bandpass filter, where the substrate 2 without ground plane at its bottom side is stacked on the mid-layer loop, and the 1.2 mm, and 0.76 mm is the width of 50 microstrip line. The feed-line using microstrip line type gives the convenience to connect with other circuits in systems. The two square loops located on mid-layer and top-layer provide two transmission paths to RF signal. Based on the discussion mentioned above, the proposed filter generates two separated passbands by using two square loops resonating different frequency, mid-layer loop for lower passband, and top-layer loop for higher passband. Changing the size of top-layer loop, namely changing the offset distance between the two loops shown in Fig. 6(c) , can easily varying the operating frequency of higher passband. The higher passband frequency is increased as is enlarged, while the lower passband keeps almost the same shown in Fig. 7 . In addition, each dual-mode loop generates own passband and two attenuation poles at respective stopbands, which keeps good selectivity of the proposed filter. In order to reduce the coupling between the two perturbation patches and the mutual effects of the two passbands, the two patches are located at inner corner of top-layer loop and outer corner of mid-layer loop, respectively. A demonstration filter is optimized and measured when 0 mm. Good agreements between the simulation and measurement are achieved.
III. PROPOSED BANDPASS FILTER DESIGN
IV. SIMULATED AND MEASURED RESULTS
The simulation and measurement are accomplished by using simulator HFSS9.0 and Agilent 8753ES network analyzer. Fig. 8 shows the simulated and measured results of the proposed dual-mode dual-band bandpass filter with 0 mm in Fig. 6(c) . Centered at 1.7 GHz and 2.15 GHz, the minimum insertion loss of the two passbands is 3.5 dB and 4.8 dB, respectively. Four attenuation poles at 1.575, 1.81, 2.06, and 2.34 GHz are realized, which can greatly improve the selectivity of the proposed dual-mode dual-band bandpass filter. Simulation results agree with measurement results almost. Some discrepancy between them can still be observed from Fig. 8 , which can be attributed to the unexpected tolerance of fabrication and implementation. 
V. CONCLUSION
In this letter, a dual-mode dual-band bandpass filter using a stacked-loop structure is presented. The two dual-mode loopresonators on different layers generate respective passband, and changing the operating frequency of each of them does not vary that of the other. Several attenuation poles in the stopbands are realized to improve the selectivity of the filter and isolation between the two passbands. The good agreement between the simulated and measured results demonstrate our proposed structure.
